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Abstract 
In this paper, the performance of the commercially available Bi-2223 tapes are carried out  at liquid nitrogen 
temperature to estimate the basic characteristics of the tapes in order  to design and development of superconducting 
cable for use in railway system applications. The current-voltage (I-V) characteristics of the  tapes were studied at 77 
K indicated that  the critical current (Ic) is around 181-196 A. The pulse current that limited the fault current was 
estimated in different Ic tapes and these  investigations suggested that the copper alloy protective layer was crucial to 
improve the over current quality. The effect of magnetic field on the critical current (Ic) of copper alloy laminated 
superconducting tapes show that the critical current strongly decreased with external magnetic field perpendicular to 
the tape surface. The results demonstrate that selection of tape and its basic characteristic are crucial  importance in 
the design of the HTS cables.
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1. Introduction 
     In recent years, high Tc superconducting technology has been focusing on superconducting tapes and 
wire development – which is an ever-growing multidisciplinary field of study attracting tremendous 
interest, investment, and effort in research and development in the world. The high temperature 
superconducting (HTS)  tape performance are now far improving with respect to its critical current Ic,
mechanical strength, as a result opening  a new possibilities for the power industry, especially in the area 
of high power transport. The superconducting power systems technologies are becoming attractive due to 
their specific properties, e.g., high transmission capacity at low loss, high efficiency, compactness, low 
cost, and electromagnetic shielding [1]. Moreover, they can be cooled by easy obtainable and relatively 
cheap liquid nitrogen [2].On the other hand, the cables can be fitted into much more compact installations 
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installations as compared to the conventional copper cables and will be able to transmit thousands of 
megawatts of electricity [3]. Therefore this new technology with development of superconducting cables 
is challenging and at the same time has numerous applications, especially in the railway systems. The 
new technology will bring more advances in railway systems specially energy saving, energy cost, CO2
reduction, and voltage improvement (performance of the traction power supply).  Especially in low-
voltage (DC) systems, which are used in many parts of world [4] and energy losses between the public 
electric network and the trains make substantial contribution to the total energy cost. Further, a lower 
system voltage correlates with higher losses. The power supply of Japan Railway is 1500 V of direct 
current, in most part of the country including the metropolitan city of Tokyo and Osaka [5]. The total 
energy losses in the railway power supply system are in the order of 10%, which comes mainly from the 
overhead wire. A straight forward possibility to reduce energy losses without abandoning the existing 
power supply system is to replace the normal Cu cables by HTS cables as an overhead line. In this 
direction, a new R&D program has been recently we started the development of next generation prototype 
DC superconducting  cable for railways [4]. However, before the cable design it is very important to 
understand the basic characteristic of the tape.  
     In this paper, the performance of the variety of Bi-2223 tapes are carried out specially the critical 
current (Ic), over current experiments, and the effect of magnetic field on the critical current (Ic) at  liquid 
nitrogen temperature. The results will be useful and assist in the design of next generation HTS cables for 
railway system applications. 
2. Experiment
     The controlled over pressure sintering (CT-OP) processed Bi-2223/Ag was provided by Sumitomo 
Electric Ltd. (SEI). The cross-sectional dimensions of the wire are 4.5 mm width and 0.35 mm thickness. 
The relative density of the Bi-2223 filaments is measured by Archimedes method, i.e. the weight 
comparison to that of the ideal mass density (6.3 g/cm3). The tapes are named type H and has a feature of 
uniform high critical current (Ic). However, in order to improve the mechanical strength, critical tensile 
stress, critical bending diameter, and toughness of Bi-2223 tapes the SEI was manufactured in several 
steps. The Type HT is the high strength wire made by reinforcing Type H with metallic tapes such as 
stainless steel  and copper tapes. The tapes laminated with 50 micro meter copper alloy (1wt % of Sn) 
named as a Type HT (CA50) and laminated with 20 micro meter stainless steel named as a type HT 
(SS20). More details of the preparation of the Bi-2223 tapes can be found elsewhere [6]. The critical 
current measurements on the tapes are carried out using a standard four-terminal technique. The critical 
current were determined  using a 1 µm / cm electric field criteria. A regulated power supply 0-10V/0-
3600 A, model HX010-3600 (TAKASAGO) and a Keithley 182 digital nano-voltmeter was used and I-V 
measurements are carried out at liquid nitrogen temperature.  
3. Results and Discussion 
3. 1. Critical current (Ic) characteristics 
     High performance is one of the most important requirements for the practical cable, which is mainly 
governed by the carrying capacity of the superconducting tape. For this an estimation of critical current 
(Ic) at 77 K is very important. Therefore, the self field critical current (Ic) of various  BI-2223 
superconducting tapes commercially available in the market were measured in a liquid nitrogen 
temperature (77 K) using a 1 µm/cm criteria. The total length of the tape used for the tests was 10 cm. 
The  tapes critical current (Ic) and protection layer details are given in Table 1. It should be noted that all 
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measured tapes  indicated that the critical current (Ic) was around 180 - 196 A at 77 K (see Table I). 
Further, the highest 196 A critical current (Ic) was recorded in the tape which laminates the 50 micro 
meter copper alloy, Type HT (CA50) (see Fig. 1 left).  The results indicate that the performance of the 
silver sheathed Bi-2223 superconducting tapes are improved drastically and can be used for variety of 
industrial applications including the power cable. 
Table 1. Ic and special feature of different type of DI-BSCCO  
Type of DI-BSCCO Ic (A) Remarks 
Type H 181  
Type HT (SS20) 190 20 um Stainless steel lamination 
Type HT (CA50) 196 50 um Copper alloy lamination 
Type H + Cu 1mm2 181 Cu 1mm2 tape was soldered on the type H tape 
Type H + Cu 2mm2 181 Cu 2mm2 tape was soldered on the type H tape 
Fig. 1.  V-I relationship  (left) and over current characteristics (right) of variety of Bi-2223 superconducting tapes at 77.3 K .  Over 
current analysis at 77 K 
     For the over current characteristics, selected data of all tapes are presented in Table I. A square over 
current pulse with duration of 100 ms is applied to the sample tape and subsequently the critical current 
characteristics are re-measured to observe if the tape degraded or not. The peak value of over-current 
pulse was increased by several increments until the tape degraded. The results are presented in Figure 1 
(right). It is clear that over current quality of the type H which laminates the copper alloy (CA50), has 
improved. In addition, the over current quality was remarkably improved by copper lamination including 
the 2 mm2  thick copper foil in parallel to the tape surface (see Fig. 1 right). On the basis of the 
experimental results presented above, it is clear that the superconducting cable is not damaged by the 
process when over current occurs because of copper alloy protective layer. The superconducting cable is 
made of multiple layers of the superconducting wire with protective layer. When an over current occurs, 
the current will pass and spread in the silver sheath as well as protective layer. As a result the 
superconducting cable is safe to use.  
3.3. The critical current magnetic field dependence of the tapes around 77 K 
     The effect of magnetic field on the critical current (Ic) of superconducting tape is an another important 
factor in their technological use for the development of superconducting cable. The cable applications the 
HTS tapes are assembled into a conductor to acquire in high current carrying capacity, the AC losses in 
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the tapes in the assembled conductor are affected by the magnetic fields produced by the currents flowing 
in the surrounding tapes. In order, to realize the critical current (Ic) degradation with magnetic field on 
BISCCO superconducting tape laminated the copper alloy type HT (CA50) was selected and studied 
around liquid nitrogen temperature. The external magnetic field of 0.1 T step  up to 1T  was applied 
parallel and perpendicular  to the tape surface and measured the critical current (Ic) in varying 
temperatures from 63 K to 100 K. The experimental results are presented in Fig. 2. It is clear that the 
critical current (Ic) decreased at higher temperatures and increased at lower temperatures. These results 
indicate that the critical current strongly decreased with external magnetic field perpendicular to the tape 
surface (see Fig. 2). At 77 K the Ic was decreased to 50% and 100% when the external field is changed 
from 0.1 T and 1T perpendicular to the tape surface. These results demonstrate the technical importance 
of proper selection of the operating temperature and the type of tape before designing the superconducting 
cable. The performance of cable can be improved considering the above parameters including 
optimization of former diameter and number of layers in case of multi-layer cable. The numerical analysis 
and further experiments are under the way. 
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Fig. 2. Magnetic field versus critical current (Ic) characteristics of the type HT (CA50) tape in various temperatures. (left) 
Perpendicular magnetic field.  (right) Parallel magnetic field. 
4. Summary 
     In summary the analysis described provides valuable information of the design and construction of 
HTS cable system for railway system applications. The highest 196 A DC critical current has been 
observed at 77K in an HTS tape limited by copper alloy. Over current analysis shows that copper alloy 
lamination and copper protection layers are important to improve the over current quality. The critical 
current magnetic field dependence of the tapes offers several advantages including selection of the 
operating temperature and estimation of magnetic field effect. Knowing the basic characteristics of the 
tape is very important for designing a superconducting cable. 
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